TECHNICAL MANUAL

No. 5-818-7

CHAPTER 1.

APPENDI X A

Figure

B
c
D

1-4
2-1

TM 5-818-7

HEADQUARTERS
DEPARTMENT OF THE ARMY
WASHINGTON, DC, I September 1983

FOUNDATIONS IN EXPANSIVE SOILS

Paragraph
INTRODUCTION

1-1
SCOPE . o e 1-2
Background, . .. ... ... .. 1-3
Causes and patternsof heave .. . .. ................. 1-4
Elements of design. . .. ................... 1-5
RECOGNITION OF PROBLEM AREAS
Sitesalection, . . ... 2-1
Hazard maps, . ... ..o 2-2
FIELD EXPLORATION
SCOPE, et 3-1
Surface examination... . . . . ... ... ... ....... 3-2
Subsurface exploration . . . ... ... ... .. 3-3
GroundWater . ., . . . oo 3-4
LABORATORY INVESTIGATIONS
Identification of swelling soils.. . . . ................. 4-
Testing procedureS . . .. oo ov v 4
METHODOLOGY FOR PREDICTION OF VOLUME

CHANGES

Application of heave predictions. . . .................. 5-1
Factorsinfluencing heave . .................... 5-2
Direction of soil movement . .. ............. .. .. ...... 5-3
Potential total vertical heave., . ... ......... ... ..... 5-4
Potential differential heave...,. . ................... 5-5
Heave withtime, . . . ........ . . 5-6
DESIGN OF FOUNDATIONS
Basic considerations . . .. ... ... 6-1
Shallow individual or continuous footings . . ... ......... 6-2
Reinforced dab-on-grade foundations . . . . ............. 6-3
Deep foundations . . . .......... 6-4
MINIMIZATION OF FOUNDATION MOVEMENT
Preparation for construction. . .. .................. 7-1
Drainage techniques, . . . . ..o v v i 7-2
Stabilization techniques. ... .......... ... ... ..... 7-3
CONSTRUCTION TECHNIQUES AND INSPECTION
Minimization of foundation problems from construction . . . 8-1
Stiffened dlab foundations . . .. .......... .. L 8-2
Drilled shaft foundations . . ................... 8-3
REMEDIAL  PROCEDURES
Basic considerations . . ... ... 9
Evaluation of information . . .. ........ ... .. . . 9-
Stiffened slab foundations,.... . .................... 9
Drilled shaft foundations. . . .. ................ 9
REFERENCES. . . . . oo
CHARACTERIZATION OF SWELL BEHAVIOR FROM SOIL SUCTION .
FRAME AND WALL CONSTRUCTION DETAILS . .. ................
BIBLIOGRAPHY . . ..o e

LIST OF FIGURES
Title

Examplesof cracksinanexteriorwall . . ...........................
Examples of wall fractures from doming heave of swelling and shrinking
foundationsoils . . ...... ... ... . . . .
Examples of fractures from dish-shaped lift on swelling foundation soils . .
Decision processofdesign ...............c.cc0iiiiin .
Occurrence and distribution of potentially expansive materials in the Unit-
ed States, 1977, with boundaries of physiographic provinces . .......

C'ﬂUIC'nUICJ\UI
OVOTNO N = =

PIPP
= Ot b
]

IR
I
[N

ooclnoo
-

PP P
[ R

vowy
=



T™M 5-818-7

Figure
4-1

4-2
5-1

5-2

6-8

6-9
6-10
6-11

PP
UL ol e
w DN

UJUJUJCFQ«]Q
[ NQECR RV UON SRS

OOOO(POOOD:!
0 =30 G W=D

@
©

C-10

Title
Relationship used to determine the potential expansiveness for Van Der
Merwe's empiricalmethod .. ......... ... ... .. . L
Simpleswell test. . . .. ...
Assumed equilibrium pore water pressure profiles beneath foundation
Slabs. . ..
Example application of equilibrium pore water pressure profile for a site
noar Haovas Kanaas
nearHayes, Kansas . ... .. .. oo

Soil-slab displacements on heavingsoil. . . ........... ... .. ... ... ..
Approximate method for computing foundationswell . ................
Effective plasticity index (PI) or average PI in the top 15 feet of soil be-
neaththeslab. ....... ... ... .. . .. ..
Footings on nonexpansivestratum. . ......... ... ... . i i
Interior joint detail for slab-on-grade . . . ............. ... ... ... ...
Basement walls with slab-on-grade. . .. .......... ... ... ... ... ... ...
Typical conventional rebar slab in Little Rock, Arkansas, for single-family,
single-story, minimally loaded frame residence with 11- to 12-foot wall
SPACIIIZ . « « oot ettt et
Post-Tensioned slab in Lubbock, Texas, for single-family, single-story,
minimally loaded frameresidence . .......... .. .. i iy
Approximate relationship between the Thornthwaite Moisture Index and
the edge lift-off distance. . .. ....... .. .. ... . .. . . il
Approximate distribution of the Thornwaite Moisture Index (MI) in the

TInited Statos
UNITea Statles

@

Settlement and deflection of a mat foundation. . .....................
Drilledshaftdetails .. ........ ... .. i
Distribution of load from uplift of swellingsoil . .....................
Typical gradebeam voiddetails . . . .......... .. .. ... .. .. .. .. ...
Typical exterior and interior gradebeams .. ................ ... .. ...
Drainage trench around outside of structure . . ............ ... .......
Application of a horizontal membrane . . .............. ... .. ... ... ..
Vertical and horizontal moisture barriers. . .............. ... ... . ...
Thermocouple psychrometer monitoring apparatus. . .................
Electrical circuit for the thermocouple psychrometer. . ................
Calibration of filter paper. .. ... ..ot
Soil suction and water content relationship for Fort Carson overburden at 1
to3feetofdepth ....... ... ... .. .. ...
Illustration of the compressibility factor . ........... ... .. .. .. ...,
Wall tiestoconcretebeams ... ............... .. ... ...
Walltiestoconcretecolumn. ... ... ... . ... .o,
Walltiestosteelcolumn. . ........ ... ... . i
Walltiestosteelbeams . ......... .. .. .. .. .. ... .. ... .o,
Wall connections with control joints. . . .................. ... ... ..
Typical details of interior partitions. . ... ......... ... ... .........
Typical bar joist first floor framing .. ........... ... ... ...........
Typical cast-in-place or precast concrete grade beam with steel bar joist
floor framing . ........ o i e
Typical ribbed mat foundation . . .............. ... ... .. .. .. ......
Optional construction details of exterior beams (interior beam similar) for
ribbed mat construction. . ......... ... . .

LIST OF TABLES
Title

Examples of Causes of Foundation Heave from Changes in Soil Moisture . .
Premises for Categorization of Soils by the WES Hazard Map . ... .......
Tabulation of Potentially Expansive Materials in the United States . ... ..
Field Reconnaissance . . .. ........ ..ottt
Soil Sampling Methods. .. ....... ... .. .. ...
WES Classification of Potential Swell ... ..........................
QOther Emnirical Methods for Prediction of Potential Heave ... ... ... ..

oi1CT SINPITICAaL MCLA0CS 10T ITCCQICLICN O Ioteiitial I1ea

Factors Influencing Magnitude and Rate of Volume Change . ...........
Foundation Systems. .. ........ . .. .
Superstructure Systems. . .. .. ... ...
Classificationof Piles. ... ....... ... .. i

Page

5-7

6-3
6-5

6-6

6-7

6-8

OOOO(POOUJUU
00 ~1 0 Ul DD M © -3

0P
O
()

(I‘J
—
—_

&
Q
@

@ P PG QR
7S
PO PRP R RN AEND S

[N



Table

[ 1
o WO O

D:lcoootlxzoo\:mm

Applications of Drilled Shafts ...................................
Defects Associated with Drilled Shafts. . ...........................
pH Test Procedure for the Lime Modification Optimum Content . . . . .. ...
Considerations for Inspection. . . ...............coiiiiiin.. ...
Inspection of Reinforced Slab Foundations . ........................
Inspectionof Drilled Shafts ... ........................ccouu ...

TM 5-818-7



